Abstract. To evaluate the extent to which fat mass contributes to serum osteopontin (OPN) concentration, we investigated whether serum OPN levels are decreased by exercise-induced fat mass loss and whether they are associated with body fat percentage in obese humans. Twenty-three female college students were recruited to participate in an 8-week body weight control program. Body composition [body weight, soft lean mass, body fat mass, body fat percentage, waist-hip ratio and body mass index (BMI)] were assessed prior to and following the program. Serum lipid profiles and serum adiponectin, leptin and osteopontin levels were measured from serum collected prior to and following the program. To understand the effect of fat mass loss on the serum levels of adipokine, which is mainly produced in adipose tissue, the leptin and adiponectin levels were also measured prior to and following the program. Serum leptin levels (mean ± standard error of the mean) decreased significantly following the program (from 9.82±0.98 to 7.23±0.67 ng/ml) and were closely correlated with body fat percentage. In addition, serum adiponectin levels were negatively correlated with body fat percentage, while serum adiponectin levels were not significantly altered. By contrast, serum OPN levels decreased significantly following the program (from 16.03±2.34 to 10.65±1.22 ng/ml). However, serum OPN levels were not correlated with body fat percentage, suggesting that serum OPN levels are controlled by several other factors in humans. In conclusion, a high expression of OPN in adipose tissues may not be correlated with serum OPN levels in obese humans. Thus, tissues or physiological factors other than fat mass may have a greater contribution to the serum OPN levels.
Introduction
Adipose tissue is characterized by the infiltration of immune cells, such as macrophages and T cells, during obesity (1) . Macrophages release cytokines, such as IL-1β, IL-6 and TNF-α, leading to a proinflammatory environment. Furthermore, the immune cells in adipose tissues, including activated macrophages, T cells and dendritic cells (DCs), produce a pleiotropic cytokine, osteopontin (OPN), which is upregulated during inflammation (2) . The obesity-driven inflammation and macrophage accumulation is blocked by OPN deficiency (3) . OPN expression is significantly upregulated in the adipose tissue of high fat diet-induced and genetically obese mice, while it remains largely unaltered in the liver (4, 5) . OPN acts as a chemokine and an inflammatory cytokine through a variety of different receptors, including CD44 and integrins. Thus, it is important in various inflammatory disorders, such as rheumatoid arthritis (6) , experimental autoimmune encephalomyelitis (EAE), multiple sclerosis (MS) (7), allergic disease (8) and cardiovascular disease (9) . It is also involved in non-inflammatory pathophysiological processes, including bone remodeling, neoplastic transformation, progression of metastases, promotion of cell survival and wound healing (10, 11) . Therefore, OPN has been investigated as a therapeutic target for certain diseases (12, 13) .
Serum OPN levels are positively correlated with body fat percentage and may be reduced by fat mass loss. Thus, diet-induced weight loss has been demonstrated to significantly decrease plasma OPN concentrations (5) . This reduction of OPN was hypothesized to be secondary to the loss of adipose tissue. However, bariatric surgery, the most effective treatment to achieve weight loss in morbidly obese humans, has been identified to gradually increase plasma OPN levels, although it significantly reduced the body weight, body mass index (BMI), waist circumference, homeostasis model of assessment-insulin resistance and blood concentrations of (14, 15) . An elevated OPN concentration following bariatric surgery and weight loss is hypothesized to reflect the increased bone turnover, which is secondary to the reduced weight load on bone. In addition, the plasma OPN concentration remained unchanged in murine models of obesity, regardless of an elevated expression of OPN in adipose tissue. Furthermore, OPN levels are only moderately altered in morbidly obese patients (4). Thus, whether serum OPN levels are associated with body fat percentage has not been elucidated in mice and humans. OPN is also produced by multiple tissues, including epithelia, kidney, thyroid, breast, uterus, placenta and testes (16) . Furthermore, OPN is highly expressed in bone matrix (17) and is important in bone turnover, anchoring osteoclasts to bone and activating the resorption cascade (18) . This may indicate that serum OPN levels are not only regulated by fat mass but also by other tissues. In the present study, to evaluate how significantly fat mass contributes to serum OPN concentrations, we investigated whether serum OPN levels are decreased by exercise-induced fat mass loss and are associated with body fat percentage in obese humans (excluding those that were morbidly obese). Moreover, the low frequency of morbidly obese individuals suggests that subjects would be difficult to find and recruit. The subjects were free-living and were allowed a self-selected diet. No medication or other nutritional supplements were taken. The study was conducted from May to July, 2010. The analysis of the results was conducted for the 18 students who completed the 8-week program (drop out rate, ~21.7%). The subjects did not present with any chronic diseases, and did not take any medication.
Subjects and methods

Study
Body weight control program. The 8-week body weight control program consisted of diet therapy, exercise and behavioral change. The subjects were recommended by a dietitian at an introductory class to consume an individualized low-calorie diet. The subjects were required to perform treadmill exercise three times a week during the 8-week program, reaching 70% of the anaerobic threshold (AT), in order to consume 200 kcal during exercise. To implement behavioral changes, subjects were provided with an online lecture and were asked to submit a weekly self-monitored diet and exercise diary to the researcher. In addition, subjects were counseled at weekly face-to-face meetings and via e-mail.
Body composition assessment. Anthropometric measurements were obtained from each subject. Individual height was measured with an anthropometer and body composition (body weight, soft lean mass, body fat mass, body fat percentage, waist-hip ratio and BMI) was assessed at least once per week using bioelectrical impedance (InBody 3.0, Biospace Co., Ltd., Seoul, Korea) ( Table I) .
Serum lipid profiles.
Following overnight fasting, blood was collected at a specific time in the morning prior to and following the program. The collected blood was centrifuged at 1650 x g for 15 min. The supernatant serum was separated in microtubes and stored at -70˚C until it was analyzed for the serum lipid concentrations. Serum total cholesterol (TC), high-density lipoprotein (HDL) cholesterol and triglyceride (TG) levels were determined using an automatic clinical analyzer (BPC BioSed Srl, Rome, Italy). Serum low-density lipoprotein (LDL) cholesterol levels were calculated from the serum TC, HDL and TG levels (19) (Table II) .
Serum osteopontin, adiponectin and leptin levels. The collected sera were analyzed for osteopontin, adiponectin and leptin with an enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer's instructions (R&D Systems, Inc., Minneapolis, MN, USA).
Statistical analysis. Experimental data are expressed as the mean ± standard error of the mean (SEM). The levels of fat and muscle mass and serum adiponectin, leptin and osteopontin prior to and following the 8-week body weight control program were compared using a Wilcoxon signed-rank test (two-tailed). To determine the degree of linearity between two variables, the data were compared using the Spearman's correlation test (two-tailed). Prism software, version 5.02 (Graphpad Software Inc., La Jolla, CA, USA) was used for statistical analysis and graphing. P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of the 8-week exercise program on fat and muscle mass.
Following the program, the average BMI decreased significantly from 24.1±0.7 to 23.3±0.7 kg/m 2 , as did the average body fat percentage, from 35.1±0.7 to 30.9±0.9%, respectively (Table I) . Consistent with the BMI and body fat percentage reductions, the fat and muscle masses were significantly decreased and increased, respectively (Fig. 1A) . Weight loss was positively correlated with fat loss, indicating that exercise-induced weight loss is mainly due to fat mass loss (Fig. 1B) .
Effect of the 8-week exercise program on serum leptin and adiponectin levels. To assess whether fat mass loss reduced the serum levels of adipokine, which is predominantly produced in adipose tissue, the leptin and adiponectin levels were measured prior to and following the program (Fig. 2) . Serum leptin levels (mean ± SEM) were significantly decreased following the program (from 9.82±0.98 to 7.23±0.67 ng/ml), and were significantly correlated with body fat percentage (r= 0.6093, P<0.0001). Serum adiponectin levels were unchanged and were significantly negatively correlated with body fat percentage (r=-0.4774, P=0.0032). The results demonstrated that serum leptin levels were more strongly correlated with body fat percentage than with serum adiponectin levels, which is also controlled by other physiological factors (Fig. 2) .
Effect of the 8-week exercise program on serum osteopontin (OPN) levels. To determine whether serum OPN levels were significantly correlated with body fat percentage, the levels were measured prior to and following the 8-week body weight control program (Fig. 3A) . Serum OPN levels (mean ± SEM) were significantly decreased following the program (from 16.03±2.34 to 10.65±1.22 ng/ml). However, serum OPN levels were not correlated with body fat percentage in the 18 subjects who completed the 8-week program, suggesting that serum OPN levels are controlled by other factors in humans (Fig. 3B ).
In addition, serum OPN levels of subjects with a body fat percentage of >33% were negatively correlated with body fat percentage (r=-0.5332, P<0.05) (Fig. 3C) .
Discussion
We hypothesized that serum OPN levels are decreased by exercise-induced fat mass loss and are associated with body fat percentage. As additional and indirect tests of the hypothesis, the association of body fat percentage with adipokines, serum leptin and adiponectin, which are mainly produced in adipose tissues, were also determined. Thus, it was demonstrated that serum leptin levels were positively correlated with body fat percentage, while serum adiponectin levels were negatively correlated with body fat percentage. By contrast, serum OPN levels were not correlated with body fat percentage, regardless of the fact that serum OPN levels decreased following 8 weeks of exercise-induced weight loss. Furthermore, serum OPN levels were negatively associated with body fat percentage in subjects with a body fat percentage of >33% (Fig. 3C ). This indicated that serum OPN levels were not correlated with body fat percentage and may be affected by other tissues and physiological conditions.
Obesity is regarded as a state of systemic, chronic, low-grade inflammation. It is considered to be a risk factor associated with the genesis or development of various diseases, including coronary heart disease, hypertension, type 2 diabetes mellitus, cancer, respiratory complications and osteoarthritis (20) (21) (22) . Exercise-induced weight loss is regarded as the safest method to prevent obesity-related diseases. Thus, there has been interest in clarifying how physical activity and exercise modulate obesity-mediated inflammation (23) . The anti-inflammatory effects of regular exercise may be mediated via a reduction in the visceral fat mass (with a subsequent decreased release of adipokines) and the induction of an anti-inflammatory environment with each exercise session (24) .
Exercise-induced weight loss resulted in a decrease in serum leptin levels and no change in serum adiponectin levels in this study. Similarly, even mild weight loss induced by calorie restriction has been suggested to have beneficial effects on serum leptin levels in humans; however, it has no clear impact on serum adiponectin levels (25) . This observation suggested that leptin is mainly produced in adipose tissues; the serum leptin concentration was increased in obese patients and was correlated with body fat percentage in the present study, as previously demonstrated (26) . However, serum adiponectin levels were not altered following weight loss in the present study, but were negatively correlated with body fat percentage, although adiponectin is also highly expressed in adipose tissues (27) . Unlike leptin, serum adiponectin levels appear to be regulated by unknown physiological factors. Adiponectin levels are inversely proportional to obesity, diabetes and other insulin-resistant states (28) . Therefore, in obesity, reducing chronic adipose tissue inflammation and macrophage infiltration may be beneficial for reversing the downregulation of adiponectin gene expression by pro-inflammatory cytokines (29) . Serum OPN levels also appear to be associated with fat mass. OPN is extensively upregulated in the adipose tissue of obese humans, as well as in that of diet-induced and genetically (db/db) obese mice. However, there is controversy concerning the correlation between serum OPN concentrations and fat mass in humans and mice. Serum OPN concentrations remained unchanged in murine models of obesity, although OPN was highly upregulated in the adipose tissue of high-fat diet-induced and genetically obese mice (4) . By contrast, in another study, obese and overweight patients exhibited significantly increased circulating OPN concentrations as compared with lean subjects (obese, 72.6±28.5 ng/ml; overweight, 68.2±20.8 ng/ml; lean, 42.7±27.9 ng/ml; P<0.001) (5) . The results of the present study showed that serum OPN levels may also be affected by other physiological factors as opposed to body fat percentage alone. For example, serum OPN levels appear to be affected by age. Riedl et al demonstrated that there is a weak, but significant, negative correlation between OPN levels and age (30) . A possible correlation between OPN and age-related changes in bone mineral density (BMD) was hypothesized. Thus, only college students (mean age, 20.7±0.4 years) were recruited in the present study to exclude the age factor. No significant difference was identified in serum OPN levels between males and females (30) . In another study, whole body vibration was demonstrated to decrease serum OPN levels, an effect that appears to be associated with the change in bone metabolism (31) . Thus, in our study, the reduction of serum OPN levels may have resulted from body vibrations which may be triggered by excercise, as opposed to exercise-induced fat loss. This observation is due to the fact that OPN is a component of bone matrix and is important in bone turnover, serving as an anchor for osteoclasts and thus activating the resorption cascade (18) . Exercise may also be correlated with the change in bone metabolism (32) , as physical activity has the potential to reduce the risk of osteoporotic fractures. Extreme inactivity may cause rapid bone loss of ≤40%, while athletic activity results in bone hypertrophy of ≤40% (32) . The mechanisms for the beneficial effect of exercise on bone mass appear to be due to a cell response to hormonal and mechanical load stimuli. Furthermore, dietary components are known to affect the gene expression and plasma concentration of adiponectin in humans and animals (33). Animal models have demonstrated that the consumption of hyperlipidemic diets, rich in saturated fat, reduces the levels of adiponectin, while diets rich in polyunsaturated fatty acids supplemented with Ω3 and eicosapentaenoic acid increase its gene expression and plasma levels. In humans, the consumption of a healthy and Mediterranean diet is positively correlated with adiponectin levels, although the mechanisms have not been elucidated (33). Exercise and dietary components may also have affected serum OPN levels in the present study, as a specific/calorie-restricted diet was not implemented. It has been demonstrated that OPN expression in cardiomyocytes was significantly correlated with the impaired function of the left ventricle, which was the main source of circulating OPN plasma levels (34) . Furthermore, adipokines is involved either directly or indirectly in the regulation of bone remodeling (35) ; the change in serum leptin level induced by exercise may induce the change of bone remodeling and the change of bone metabolism may affect the serum OPN levels. In addition, calorie restriction-induced weight loss appears to be a risk factor for rapid bone loss. However, physical activityinduced weight loss preserves BMD (36) . In conclusion, serum OPN levels may be regulated by various physiological factors. Thus, the elevated expression of OPN in adipose tissues may not be correlated with serum OPN levels. Instead, other tissues or physiological factors may have a greater contribution to serum OPN levels as compared to fat mass. Thus, the correlation between serum OPN levels and body fat loss remains to be elucidated.
